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The characteristics of a hybrid polymer light-emitting diode �HPLED� with an active layer
of poly �2-methoxy,5-�2-ethylhexoxy�-1,4-phenylenevinylene� blended with Au-capped TiO2

nanocomposites are reported. Both the increased current in the active layer and low turn-on voltage
were attributed to incorporation of Au-capped TiO2 in the electroluminescent polymer. The maximal
brightness of 11 630 cd /m2 was observed in HPLED with a 1:1 ratio of Au-capped TiO2. The
enhanced performance was attributed to the roughness assisted charge transport induced by the
Au-capped TiO2 nanocomposites in the active polymer. © 2009 American Institute of Physics.
�DOI: 10.1063/1.3086275�

Recent advances in organic light-emitting devices in-
clude hybrid polymer light-emitting diodes �HPLEDs�,
which are appropriate for use as low-power light-emitting
sources in solid-state lighting systems.1–3 In the past decade,
reliable organic light-emitting diodes �OLEDs� were fabri-
cated by mechanical deposition of thin layers of metals on
the device for injection of electrons in the polymer systems.2

Use of metal oxide-polymer nanocomposite structures
slightly improved the charge injection in polymer light-
emitting diodes.3 More recent studies of hybrid OLEDs dem-
onstrate improved device performance due to the enhanced
current injection; however, the complexity of their design
prevent their commercialization.4 The mass production of
OLEDs requires simplicity of design, dramatic improvement
in performance, as well as easy and inexpensive processibil-
ity. Consequently, a promising solution that meets these re-
quirements can be achieved only with a solution-processible
approach5 that uses innovative hybrid nanocomposite sys-
tems incorporated into electroluminescent �EL� polymers.
Composites based on semiconductors and metals reportedly
facilitates charge transport.6,7 This goal was realized by
blending the electron transporting nanoparticles into lumi-
nescent polymers, thereby enhancing performance without
use of complicated structures.8 The purpose of the present
study was to increase the brightness of HPLED by using
hybrid nanocomposite polymer systems. We employed tita-
nium oxide �TiO2� capped with gold �Au�, which has poten-
tial for use in energy-conversion devices.9 We synthesized
TiO2 particles using the sol-gel method and capped 10–12
nm TiO2 particles with the Au for efficient charge transfer in
HPLEDs. The results obtained in this study show that Au-
capped TiO2 nanocomposite improves the current flow and
luminous efficiency of HPLEDs.

TiO2 particles were synthesized using an ultrasonic-
assisted sol-gel method that used titanium tetra isopropoxide
as the precursor. TiO2 was prepared using a bath ultrasoni-
cation method and hydrolysis of titanium isopropoxide took
place under ultrasonic irradiation for 1 h. After preparation
of TiO2, the particles were maintained at room temperature
for 20 h for slow hydrolysis. The particles were then dried at
room temperature for 12 h and calcined at 500 °C in a fur-
nace under continuous air flow for 3 h.10,11 The preparation
of Au-capped TiO2 by chemical reduction using HAuCl4 and
NaBH4 has been reported previously.12 Au-capped TiO2
nanoparticles were prepared by mixing the required amounts
of HAuCl4 solution and TiO2 nanoparticle suspension in wa-
ter under vigorous stirring for 10 min to achieve strong ad-
sorption of �AuCl4�− on the TiO2 particles. Chemical reduc-
tion in �AuCl4�− on the TiO2 particles was performed by
drop-wise addition of a NaBH4 �10 mM� solution to the
�AuCl4�− /TiO2 suspension under vigorous stirring until the
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FIG. 1. �Color online� �a� Schematic diagram of the HPLED with Au-
capped TiO2 nanocomposites.
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solution became wine-red in color. Au-capped TiO2 nanopar-
ticles were then filtered and dried at room temperature for
12 h.

The HPLED was fabricated by precleaning indium tin
oxide �ITO� with acetone and detergent to remove the
organic and other impurities. The ITO layer was then ultra-
sonicated using deionized water, acetone, and isopropyl
alcohol, respectively, for 30 min each. The surface of
the ITO was made hydrophilic by reactive-ion etching.
Poly�3,4-ethylenedioxythiophene�:poly�styrene sulfonate�
�PEDOT:PSS� was coated on the transparent ITO above the
glass substrate at a spin coater speed of 5000 rpm for 40 s.
The active layer of the HPLED was prepared by blending the
Au-capped TiO2 nanoparticles in the EL polymer, poly
�2-methoxy, 5-�2-ethylhexoxy�-1, 4-phenylenevinylene�,
�MEH-PPV� at two different ratios of Au and TiO2, a 1:1 and
1:20 ratio of Au /TiO2. The MEH-PPV polymer was dis-
solved in 1,2-dichlorobenzene at a concentration of 1 wt %
along with 0.5 wt % of nanocomposite. The polymer was
then dispersed by agitation for more than 12 h inside the
glove box. The nanocomposite active layer was filtered using
a 1 �m filter and then spin-coated on the hole-transporting
polymer PEDOT:PSS at a spin coater speed of 1500 rpm for
60 s and a Ca/Al cathode was deposited on the nanocompos-
ite layer, as shown in Fig. 1.

Figure 2�a� shows the x-ray diffraction �XRD� curves of
Au-capped TiO2 nanocomposites. The XRD peaks at �101�,
�206�, and �215� confirm the presence of TiO2 in the nano-

composite system. Moreover, Au-capping on TiO2 was evi-
dent by the presence of Au �111� and �200� peaks in the XRD
spectrum. In addition, the �111� diffraction peak of Au super-
imposed with �004� peak of TiO2 due to the nanosized crys-
talline domains of metallic gold in the face-centered-cubic
�fcc� structure. The intensities of these peaks are dependent
on the composition of the metal and semiconductor.13 The
photoluminescence �PL� of the MEH-PPV, as depicted in
Fig. 2�b�, shows the effect of incorporation of Au-capped
TiO2 nanocomposite. The PL spectrum of MEH-PPV pristine
film exhibited a peak at 580 nm along with a predominant
shoulder at 635 nm. The shoulder peaks on the PL spectra of
MEH-PPV are due to the formation of interchain emissive
species. However, the intensity of the shoulder peaks was
reduced in the composite-polymer systems by the presence
of Au-capped TiO2 in the MEH-PPV polymer. The decrease
in the shoulder peak has been attributed to the solid-solution
effect, which occurs when interchain interactions are
reduced.14

Current-voltage �I-V� characteristics of the HPLED were
measured and the results are shown in Fig. 3�a�. The turn-on
voltage for the HPLED with a TiO2 /Au ratio of 1:1 was
approximately 2.0 V, whereas the turn-on voltage of unmodi-
fied HPLED with only MEH-PPV as the active layer was
approximately 2.5 V. At constant voltage, the current density
increased in the HPLEDs with Au-capped TiO2 nanocom-
posite. The luminance-voltage �L-V� data depicted in Fig.

FIG. 2. �Color online� �a� XRD of Au-
capped titanium oxide nanoparticles.
�b� Normalized PL spectra of the
HPLEDs with different nanocomposite
ratios.

FIG. 3. �Color online� �a� Current-
voltage �I-V� characteristics of
HPLEDs with various nanoparticle ra-
tios. �b� Luminance-voltage �L-V�
characteristics of HPLEDs with vari-
ous nanoparticle ratios. �c� Compari-
son of luminous efficiency of HPLEDs
with various nanoparticle ratios. �d�
EL spectra of HPLEDs with different
nanoparticle ratios.
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3�b� illustrates the results for the HPLED with Au-capped
TiO2 nanocomposite with a 1:1 ratio. The maximal bright-
ness of 11 630 cd /m2 was measured at 6.0 V, along with a
significant increase in current. However, HPLED with a
Au-capped TiO2 ratio of 1:20 showed a brightness of
8690 cd /m2 at 6.0 V, which is lower than the luminescence
of HPLED with the 1:1 ratio, as shown in Fig. 3�b�. Effi-
ciency of the HPLEDs with nanocomposites is shown in Fig.
3�c�. HPLED with Au-capped TiO2 particles showed the
highest luminous efficiency of 0.45 cd/A at a current density
of 2600 mA /cm2. These values were greater than those
measured for the device without nanocomposite, which
showed a low luminous efficiency. Figure 3�d� shows the
electroluminescence spectra of HPLEDs with nanocompos-
ites. The 580 nm and shoulder peaks of the EL spectra of the
HPLEDs with the Au-capped TiO2 nanocomposite were the
same as those of the PL spectra of nanocomposite systems
depicted in Fig. 2�b�. This clearly shows that the PL and EL
emissions share the same origin.

The AFM measurement �not shown� revealed that the
MEH-PPV film with the 1:1 ratio of Au-capped TiO2 nano-
composite has the highest root-mean-square �rms� roughness
of 10.2 nm. The rougher film with 1:1 ratio of Au-capped
TiO2 is due to enhanced dipole-dipole interaction of Au
nanoparticles. Similarly, the film with the 1:20 ratio of Au-
capped TiO2 showed the rms roughness of 3 nm. For the
MEH-PPV pristine film, however, the measured rms rough-
ness was only 1.5 nm. These results indicate that the Au-
capped TiO2 nanocomposite incorporated in the EL polymer
facilitates the increase in charge carriers by roughness as-
sisted tunneling, as reported by Park et al.15 It is believed
that the nanocomposite adhere to the ITO anode by electro-
static forces; thereby, the nanomorphologically roughened
EL layer causes a larger interfacial contact area between the
cathode �Ca� and EL polymer that can be responsible for the
enhanced electrical performance of HPLED.8,16 Moreover,
the nanocomposite adhered on the ITO layer behaves like
field emitters and thus the charges are gathered around the
sharp clusters of nanocomposite. The charges can easily tun-
nel into the MEH-PPV EL layer facilitating a current flow
into HPLED.17 The increased charge injection in turn can

enhance the electron-hole recombination and optical effi-
ciency of the HPLED.

In conclusion, the electrical properties and luminous ef-
ficiency of the HPLED were remarkably improved by addi-
tion of Au-capped TiO2 nanocomposite to the light-emitting
MEH-PPV polymer layer. The enhanced electrical and opti-
cal performances of the HPLED were attributed to the in-
creased current through the nanomorphologically roughened
surface induced by the addition of Au-capped TiO2 in the
MEH-PPV layer.
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